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Sustainable development is the framing concept assuring that resources are exploited while 2 
maintaining the ability of these natural resources to provide for future generations. With human 3 
dependence on marine resources increasing, Ecosystem-Based Management (EBM) has been 4 
identified as a suitable approach to ensure sustainable development. In order to achieve this, the 5 
core principles and elements of EBM should be operational in the maritime/marine spatial 6 
planning (MSP) process to ensure that human activities in marine space are ordered to attain 7 
ecological, economic and social objectives. However, policies from various states and 8 
organizations sometimes do not set a clear precedence for translating principles of EBM and 9 
present different and complex approaches to an ecosystem-based marine spatial planning (EB-10 
MSP). Again, a feasible methodology for EBM to be operational in MSP is still vague. This 11 
paper therefore presents results from a survey and review of MSP initiatives in Europe, Asia 12 
and the Americas. Results showed that essential MSP steps and elements such as adaptive 13 
management, setting of planning boundaries, understanding and analysing the ecosystem and 14 
future conditions are not fully operational. This paper focuses on a methodology for EB-MSP 15 
and gives recommendations on how to ensure that EBM is operational at each stage of an MSP 16 
process. It stresses the importance of setting planning boundaries beyond jurisdictional borders 17 
to consider bio/eco-regions and cover near-shore waters, the need to have a cross-sector 18 
integration, understanding the ecosystem through having an ecosystem service perspective and 19 
having a legal framework to ensure that results from monitoring and evaluating of plans are 20 
adapted through review and revision. 21 
KEYWORDS: adaptive management; ecosystem-based marine spatial planning; operational 22 
framework; monitoring 23 
1 Introduction 24 
Marine resources play a vital role in social and economic development as industries such as 25 
fisheries, tourism, agriculture, pharmaceuticals, shipping and mining all benefit from the 26 
resources offered. Increase in consumer demands and improvements in technology, along with 27 
population growth rate, has increased the dependency on marine resources. There is the need to 28 
strike a balance between economic development, social needs and environmental sustainability 29 
when it comes to ocean use and management. One approach and concept that has been 30 
supported by many scientists after a merger between various disciplines is the ecosystem-based 31 
approach to sea use management, built on the recognition that “the nature of nature itself is 32 
integrated” (Misund, 2006). 33 
 34 
In terms of a marine environment, ecosystem-based management (EBM) is defined as an 35 
environmental management approach that recognizes the full array of interactions within a 36 
marine ecosystem, including humans, rather than considering single issues, species, or 37 
ecosystem services in isolation (Christensen, et al, 1996). The goal of ecosystem-based marine 38 
management is to maintain marine ecosystems in a healthy, productive and resilient condition 39 
so that they can sustain human uses of the ocean and provide goods and services (McLeod, et 40 
al, 2005; Foley, et al, 2010). EBM represents a paradigm shift from other traditional 41 
management approaches which were focused on individual species, on a small spatial scale, 42 
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lacked research, and were based on a short-term perspective. EBM on the other hand, focuses 43 
on the ecosystem as a whole with a long-term perspective, performed at multiple scales with 44 
the involvement of stakeholders by using an adaptive management approach (Sherman and 45 
Duda, 1999). 46 
 47 
Although most nations and practitioners support EBM and this concept is found in most 48 
literature, policies and legislation about coastal and marine management and the practicality 49 
and implementation of it is yet to be fully realised as often the concept and its principles are too 50 
broad, and complex for planners and resource managers to put into practice to ensure effective 51 
implementation of EBM (Arkema, et al, 2006). Even though EBM has received considerable 52 
attention over recent years and it is a popular term in the ocean management field, there are still 53 
few examples, which demonstrate its practical implementation and it still largely remains as a 54 
promise unfulfilled (Murawski, 2007). 55 
 56 
The need for an effective marine management cannot be overemphasized as many concepts and 57 
processes such as integrated coastal zone management and ocean zoning amongst others have 58 
been established and implemented over the past decade. However, opportunities for 59 
misunderstanding are ripe in the marine management domain, and once misunderstanding or 60 
lack of clarity about objectives of management occurs, the investment of time and energy in 61 
spatial tools and approaches may be wasted as conflicts emerge (Agardy, et al, 2011). 62 
 63 
 Again, a feasible agreed method for translating this attractive concept into operational 64 
management practice has been largely discussed but EBM has been implemented in different 65 
forms based on different principles (Young, et al, 2007; Long, et al, 2015.). However, 66 
comprehensive, effective and balanced EBM requires a detailed understanding of 67 
environmental processes, and also ethical, social and economic processes (Christie, 2011). To 68 
address failures in ocean governance, new perspectives have emerged that explore a more 69 
holistic approach to manage complex seascapes. These include spatial management approaches 70 
such as marine spatial planning, which seek to implement ecosystem-based management 71 
(Koehn, et al, 2013). 72 
 73 
MSP has been identified as one of the processes for effective implementation of an EBM of 74 
maritime use. MSP is defined as “a public process of analysing and allocating the spatial and 75 
temporal distribution of human activities in marine areas to achieve ecological, economic, and 76 
social objectives that usually have been specified through a political process” (Ehler and 77 
Douvere, 2009). MSP is supposed to ensure that maritime uses are planned to be compatible, 78 
considering ecosystem services by harmonizing ecological, economic and social objectives. 79 
MSP considers all the interactions, connections and structures that make up the marine 80 
ecosystem to ensure that ecosystem values are enhanced. MSP is an essential tool for delivering 81 
an ecosystem approach and should add value to existing management measures for the marine 82 
environment. It should be based on a clear set of principles with a sustainable development 83 




Ecosystem-based MSP (EB-MSP) aims to the maintenance of marine ecosystems in a healthy 86 
condition, the sustainable exploitation of ecosystem goods and services, the reduction of 87 
conflicts among competing uses of the maritime territory, and the provision of multiple benefits 88 
to an as wide as possible array of involved sectors (Katsanevakis, et al, 2011). 89 
 90 
This paper therefore presents best approaches and recommendations that were used from 91 
different contexts to serve as a learning point for other MSP initiatives. The questions still 92 
remaining are “how effective is EBM considering the MSP process”? What is needed to make 93 
EBM operational in MSP process? What are the recommendations to ensure that EBM is 94 
operational in MSP? The main objective of this paper is to examine the effectiveness of EBM 95 
in existing MSP initiatives and to explore, through an empirical methodological approach, how 96 
the MSP process can operationally implement EBM. The analysis of MSP case studies and the 97 
results of a survey with MSP practitioners is used to support recommendations for an EB-MSP 98 
process. 99 
 Ecosystem-Based Management and Marine Spatial Planning 100 
 EBM is an approach to natural resources management that considers human society as an 101 
integral part of ecosystems (Koehn, et al, 2013).   The core elements of EBM (Agardy, et al, 102 
2011), which were developed based on various case studies include the following: 103 
 Element 1: Recognizing connections within and across ecosystems 104 
 Element 2: Understanding and addressing cumulative impacts 105 
 Element 3: Managing for multiple objectives 106 
 Element 4: Embracing change, learning, and adapting 107 
Recently, MSP has been envisaged as a tool to overcome the main challenge in operationalizing 108 
EBM, consisting in integrating the human components in ecological and environmental 109 
considerations (Domínguez-Tejo, et al, 2016). The coupling of MSP and EBM was argued by 110 
(Domínguez-Tejo, et al, 2016). to represent a new emerging paradigm in sustainable ocean 111 
management (Katsanevakis, et al, 2011; Crowder and Norse, 2008; Douvere, 2008).  112 
 113 
MSP is an explicit planning approach within an integrated, policy-based approach to the 114 
regulation, management and protection of the ecosystem, including the allocation of space that 115 
addresses the multiple, cumulative and potentially conflicting uses of the sea and land and 116 
thereby facilitates sustainable development (MSSP, 2006). The overall aim of spatial planning 117 
is to create and establish a more rational organization of the use of space and the interactions 118 
between its uses, to balance demands for development with the need to protect the environment, 119 
and to achieve social and economic objectives in an open and planned way (DEFRA, 2006). 120 
It is important, however, to recognize that marine spatial management can only influence the 121 
spatial and temporal distribution of human activities (Douvere, 2010). MSP is an essential tool 122 
for delivering an ecosystem approach (Gilliland and Laffoley, 2008) and a focus on the spatial 123 
and temporal aspects of EBM is one way to make an ecosystem based approach more tangible 124 
in MSP and as suggested by Douvere (2010) it can be accomplished by defining: 125 
 The boundaries of the ecosystem to be managed; 126 
 Ocean spaces with special ecological or biological value within the ecosystem; 127 
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 Ocean spaces with special economic value and potential; 128 
 Ocean spaces where the effects of human activities interact positively or negatively with 129 
ecological functions and processes; and 130 
 Where conflicts are occurring or might occur (uses vs. uses and uses vs. environment). 131 
In order for MSP to serve as a tool to ensure that the objectives of marine EBM are achieved, 132 
the components, principles and tools of EBM as highlighted above have to be incorporated into 133 
the planning process and institutionalized through its implementation. 134 
 135 
2 Methodology 136 
This research used two key data bases from secondary and primary sources. The output 137 
therefore is a combination of a review of relevant reports and documents from literature and the 138 
views of EBM and MSP experts acquired through the use of a questionnaire.  139 
A review of literature and international guidelines on EBM and MSP was done to identify the 140 
core elements and principles which this study focused on for the analysis of the MSP initiatives 141 
included in this survey literature review considered EBM publications from the main 142 
international organisations (as UNEP, IUCN, etc.) and also the texts resulting from a search 143 
based on key words such as the processes and approach for the implementation of EBM and 144 
MSP and his presented on Appendix A. The review came out with 7 core elements and 145 
principles for an EB-MSP process (Table 1) which were selected based on the number of times 146 
each of the literature recognised this element an important step for the implementation of EBM. 147 
Questionnaires were constructed based on how core elements of EBM should translate into 148 
MSP and to assess how effective this has been in implemented MSP initiatives. 149 
Table 1. 7 core elements for an EB-MSP process 150 
 151 
Defining and analysing 
existing situation: 
1. Selection of plan area and boundary 
2. Scoping, Data collection and Mapping 
3. Understanding structural and functional biodiversity 
4. Cumulative impacts and  ecosystem service perspective  
Stakeholder participation 5. Cross-sector integration 




7. Adaptive Management 
 152 
A purposive target audience was used to identify MSP initiatives and experts all over the world. 153 
This was done through the dissemination of a questionnaire through a contact list of MSP 154 
professionals. The questionnaire was also sent to EBM and MSP professionals platforms such 155 
as EBM Network and Open Channel. Experts from the International Council for the Exploration 156 
of the Sea (ICES) and the National Oceanic and Atmospheric Administration (NOAA) panels 157 
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were also part of the targeted audience who received the questionnaire. These experts in MSP 158 
and EBM were asked to answer the questionnaire based on the MSP initiative they were 159 
involved in. The results of the survey therefore represent the views of MSP experts involved in 160 
the various initiatives. The wide range and the vast nature of these platforms ensured that MSP 161 
initiatives covered were from different geographical areas, with different drivers and 162 
undertaken by different institutions. As a whole, 51 responses was received from experts; 39 163 
MSP initiatives (shown in Figure 1) were covered from Europe, Asia, United States of America, 164 
Australia, Canada, South and Central America. Each plan that formed part of the survey was 165 
reviewed with a set of 25 questions (Appendix B) and their application at each stage of the 166 
traditional planning process. The recommendations and methodology to make EBM operational 167 
in MSP are focused and structured according to how the 7 core elements are applied in 168 
traditional planning process. 169 
Results from the survey were analysed in themes to reflect the various stages of the MSP process 170 
as presented in the results. Most of the results are shown and discussed in percentages whiles 171 
others (question 9,11,16 and 19) which ask respondent to rank some attributes of the planning 172 
process are discussed in weighted averages. This was crafted from the summed point values 173 
according to the responses of experts after which a weighted average was calculated to show 174 
ranking. The themes and review of literature and marine spatial plans also formed the basis for 175 
the recommended EB-MSP framework proposed in section 4.  176 
 177 
 178 
Fig. 1. MSP initiatives involved in the study 179 
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3 Results and Discussion: Analysis of the effectiveness of EBM in MSP 180 
This survey covered mostly MSP initiatives in Europe (38.0%), United States of America 181 
(32.0%) with others from Asia (10.0%), South and Central America (12.0%) Australia (4.0%) 182 
and Canada (4.0%). Experts involved in this survey mostly came from academia and 183 
governmental agencies with 39.2% and 37.3% respectively coming from these institutions 184 
(Figure B.1, Appendix B). Major drivers for the MSP initiatives involved in the survey were 185 
conservation (33.0%) and energy (28. 0%).About 47.0% of energy-driven MSP initiatives were 186 
from Europe and the same percentage was from the USA, although USA had 31.0% of the MSP 187 
initiatives being conservation-driven MSP as compared to Europe that had none. The European 188 
MSP were mainly driven by energy or blue growth goals or for transboundary purposes. 189 
 Defining and Analysing Existing Situation  190 
In setting the planning boundary, only 14.0% of the plans set the plan boundary solely based on 191 
the ecosystem boundary (ecological and scientific consideration) as most of the time they are 192 
restricted by jurisdictional boundaries. Only 7.8% of plans set their boundaries based on 193 
bioregions and coastal watershed and near-shore waters, one of the most dynamic and essential 194 
ecosystems with regards to land and sea interaction, are mostly not considered and their impact 195 
not analysed during most MSP processes and this is proven by the fact that only 7.8% of plans 196 
considered it in their planning area (Figure B.2, Appendix A).  197 
It would be preferable for planning units to follow meaningful ecosystem boundaries. In 198 
practice, they will also need to take into account socio-political and administrative factors and 199 
what is practical and recognisable on the ground and in the water (Gilliland and Laffoley, 2008). 200 
It is not surprising that at the stage of understanding the ecosystem and detailing, only 57.0% 201 
of plans looked at connectivity between biotic, abiotic and socio-economic patterns and 202 
conditions which are important for the life stages of species (Figure B.4, Appendix A).  203 
When it comes to how the existing conditions were analysed and understood, 70.0% of 204 
responses mentioned that EBM was stated as a principle of the plan, and others analysed the 205 
ecosystem; only 59.0% was truly operational by making the ecosystem a priority or by using it 206 
as a criterion for trade-offs and decision-making. In effect, it is not enough to state EBM as a 207 
principle as EBM can be truly operational in MSP when the ecosystem (services and values) 208 
becomes a priority in taking decisions and implementing them accordingly. Only 24.0% of the 209 
MSP initiatives analysed ecosystem services and valuation and actually map them out for 210 
analysis. Although ecologically/biologically valuable areas were identified (78.0%) and this 211 
was a criterion for management or decision making, the ecosystem (value and services) is not 212 
really a priority for management as it is not well understood and analysed (Figure B.8, Appendix 213 
B). The ecosystem services perspective which is necessary at the analysis stage helps to 214 
establish priorities for management by focusing on ecosystem services of highest value and the 215 
most critical threats to the delivery of ecosystem services or highly valuable areas (Agardy, et 216 
al, 2011). 217 
Another important step at this stage is cumulative impact assessment to understand how human 218 
activities impact on the ecosystem and overlap with each other. From the results of the survey, 219 
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only 53.0% made a cumulative impact analysis, while only 28.0% went ahead with mapping or 220 
performing any spatial analysis of these impacts (Figure B.7-B.8, Appendix B). 221 
 Stakeholder Participation 222 
In terms of stakeholder participation in MSP, frequencies from this survey showed that 223 
participation is higher at an information and communication phase (Table B.1, Appendix B). 224 
These two types of participation are on a horizontal level where interaction is not made in an 225 
active way. One of the core element of EBM is cross sectoral integration, in examination of this 226 
element it was realised that traditional users of the sea such as conservation and fisheries are 227 
engaged in the process at a high level with relatively new users such as renewable energy getting 228 
engaged more and more. Tourism and cultural heritage had 58.0% of their stakeholders 229 
involved, which is relatively low as compared to other traditional uses above (Table B.3, 230 
Appendix B). This might be due to the fact that most MSP initiatives do not usually include 231 
coastal and near-shore waters (areas where tourism is mostly dominant) as was discovered at 232 
the stage of setting planning boundaries. This point is seconded by the fact that only 25% of 233 
MSP initiatives had tourism management plans integrated into the process and only 43% of 234 
them integrated coastal development (Figure B.11, Appendix B).  235 
For factors that determined the level of stakeholder participation, 33.3% was based on a 236 
representation of all sectors affected by the plan and political and legal issues. About 20.0% 237 
was based on key sectors which are affected by the plan. About 2.2% by population 238 
demographics, while other factors (20.0%) included a combination of political requirement and 239 
key sectors affected by the plan and sectors affected by the plan but outside the jurisdiction of 240 
the planning area (Figure B.9, Appendix B). 241 
Stakeholder participation is important at all stages of the planning process and this was carried 242 
out in all stages of the MSP initiatives that were assessed. However, some critical stages had 243 
relatively less engagement of stakeholders. Two of these critical stages is in setting the planning 244 
boundaries 48.0% and monitoring and evaluation (33.0%) (Figure B.10, Appendix B). 245 
 Planning Phase 246 
During the planning phase, more than half of the management or planning measures that were 247 
proposed sought to strengthen knowledge-based decision-making (58.3%) and mainstream 248 
conservation issues (77.8%). However, less than half of them (47.0%) considered uncertainty 249 
and changes in the dynamics of the ecosystem, for example climate changes. Only 17% of them 250 
consider incentives and financing possibilities for the protection of ecosystem biodiversity 251 
(Figure B.15, Appendix B). This is of no surprise as most plans discussed above do not 252 
extensively understand and analyse ecosystem services and valuation therefore cannot look to 253 
innovative ways of financing to protect ecosystem services and support EB-MSP 254 
implementation as shown in Figure B.8, Appendix B. Analysing future conditions forms a 255 
critical part of the MSP process, however in terms of coming out with a spatial sea use scenario, 256 
52.0% of them did not consider scenario generation as it was mostly not undertaken. Most 257 
processes just looked at a single sector or use such as conservation (55.0%), 31.0% considered 258 
renewable energy orientation while 26.2% and 23.8% considered tourism development and 259 
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transport and safety management respectively as a scenario for the future. (Figure B.13, 260 
Appendix B).  261 
With respect to the criteria used in making trade-off analysis, the following ranking was derived 262 
in a descending order: Ecologically and biologically valuable areas were listed most as the 263 
number one priority with 15 responses as shown in Appendix 1 and a highest weighted average 264 
(4.4), Areas of National Security (4.2), Shipping routes and traffic separation schemes (4.1), 265 
Ecological areas under international agreements (3.9), Operationalisation of a particular 266 
maritime use due to technical requirements (3.7) and Preferential areas and conditions of 267 
national importance (3.3) (Table B.4,Appendix B). 268 
 Implementation and Monitoring Phase 269 
Different MSP initiatives employ different forms of monitoring and evaluation. About 51.3% 270 
did this by monitoring the state of the ecosystem. About 30.8% measured the performance of 271 
the management measures and measured a set of indicators against quantitative goals 272 
respectively, while 15.4% measured the time and rate of implementation of management 273 
measures to assess if the plan is being followed. About 35.9% did not have monitoring in place 274 
yet and it was mostly discussed in concept (Figure B.17, Appendix B). In determining how the 275 
results from monitoring the ecosystem were adapted into the plan, 41% modified plan goals and 276 
objectives. About 28.2% modified management measures whiles 20.5% modified desired plan 277 
outcomes. About 41.0% did not have their management measures/actions implemented yet 278 
although adaptation was planned for. Another approach that was used is the modification of 279 
policies (Figure B.16, Appendix B).  280 
Finally, although adaptive management is stated as a concept and principle in most of these 281 
planning processes, when it comes to how it was implemented or operationalized only 21.0% 282 
of the plans that were analysed had an operative mechanism for adaptive management. This 283 
was either through having a legal instrument which ensures adaptation or revision of plans over 284 
time or had a mechanism for turning monitoring into a retroactive process for new measures or 285 
goals to be set (Figure B.18, Appendix B) 286 
 287 
4 Operational EB-MSP approach 288 
MSP is a promising way to simultaneously achieve social, economic and ecological objectives 289 
by means of a more rational and scientifically-based organization of the use of ocean space 290 
(Douvere, 2010). However, to achieve these objectives, the ecosystem-based approach, which 291 
is one of the attributes for an EB-MSP, should operational and integrated. The recommendations 292 
that are made in this section seeks to ensure that the planning process and the EBM (principles, 293 
issues and approach) are fitted into each other within a structured process for EB-MSP along 294 
with other attributes such as adaptation, integration, future orientation and participation 295 
(Douvere, 2010). Figure 2 is a representation of the EB-MSP framework and methodology with 296 
specific elements of EB-MSP indicated under each step of the process. Detailed description of 297 




Fig. 2. Proposed Framework and Methodology for EB-MSP. 300 
 Goals of EB-MSP 301 
EB-MSP deals with multiple objectives in the marine area so in setting the goals of EB-MSP, 302 
the objective-based approach should be employed as it promotes management and use of marine 303 
areas and resources in a manner that addresses the multiple needs and expectations of society, 304 
without jeopardizing the options for future generations to benefit from the full range of goods 305 
and services provided by the ocean (Fisheries and Oceans Canada, 2007).  306 
The goals for an EB-MSP as developed in the Eastern Scotian Shelf Integrated Management 307 
(ESSIM) Initiative (Fisheries and Oceans Canada, 2007) should ensure the following as shown 308 








Table 2. Goals of an EB-MSP process 315 
 316 
 317 
 Defining and Analysing Existing Conditions 318 
This stage of the EB-MSP process mainly involved defining the planning area, stock taking 319 
and the analysis of data and maps from the stock taking and data collection stage. 320 
4.2.1 Selection of the planning area and boundary 321 
It was realised that for existing MSP initiatives, the boundary of the planning area was set 322 
normally based on a combination of scientific, environmental, and jurisdictional/political 323 
considerations as well as areas of ecological or biological importance. From these aspects 324 
jurisdictional boundaries are considered a major factor. 325 
However, one of the principles and elements of EBM that should be operational at this stage is 326 
to ensure connectivity within and among ecosystems. This can be ensured by setting planning 327 
areas based on bio/eco-regions, as has been exemplified by Australia’s national marine bio 328 
regionalisation where spatial patterns in the benthic and pelagic environments in Australia’s 329 
marine jurisdiction were set at scales appropriate for regional marine planning (Commonwealth 330 
of Australia, 2005). This approach ensures that planning and management units are defined 331 
ecologically, and provides a systematic and spatial framework for finer scale planning and 332 
environmental assessment. It also assists scientist in understanding biogeographical patterns 333 
and as a vehicle for communicating information. 334 
 335 
This approach first of all assists with management of marine resources to ensure that marine 336 
industries are ecologically and economically sustainable. Again, it serves as a tool for 337 
organising spatial information, provides a clear focus on conservation, education, science, 338 
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environmental inventories and ensures the delineation of biophysical distributions and 339 
sustainable management of the marine environment (Commonwealth of Australia, 2005). 340 
Similar approaches have been implemented in New Zealand and Canada (Douvere, 2010). 341 
However, in areas such as Europe where marine jurisdictional boundaries are so close to each 342 
other with many states also involved, this approach has not been successful and indeed the 343 
analysis of results shows that only 7.8% of MSP initiatives carried out the process based on 344 
bioregions. Although MSP initiatives have been carried out in Europe and there are measures 345 
to protect ecologically and biologically valuable areas, it happens that ecosystem patterns and 346 
processes are often not consistent with administrative boundaries – that is instead of being set 347 
on bioregions or on ecosystem boundaries (Douvere, 2010). 348 
A solution to this challenge is the implementation of MSP on a transboundary level based on 349 
the bioregions that have been demarcated by the ICES in 2004. This would ensure that EB-MSP 350 
is implemented at a bioregional level and the overlaps and conflicting issues between countries 351 
are identified and addressed before each country goes into developing MSP for their various 352 
jurisdictional areas.  Examples can be drawn from the Baltic Sea MSP initiatives (Zaucha, 353 
2014). International agreements and policies are critical in ensuring planning beyond 354 
jurisdictional boundaries by developing common visions and goals. Countries with shared high 355 
level goals and commitments can use them as a point of departure for developing cooperation 356 
in cross boarder MSP (Secretariat of the Convention on Biological Diversity and the Scientific 357 
and Technical Advisory Panel-GEF, 2012). 358 
In addition to using a bioregional approach in setting an ecosystem boundary, the planning area 359 
should cover coastal and near-shore waters and the uses and impacts from this area analysed 360 
and addressed. This step is important as it was realised from the results of the survey that most 361 
MSP plan boundaries are set in a single geographical area and rarely look at an interconnected 362 
geographical scope. 363 
Apart from using the bio regionalisation approach in setting the boundary of the planning area, 364 
it is important that scientific and ecological/environmental consideration (ecosystem boundary) 365 
is predominant over just jurisdictional. The planning boundary should ensure that connectivity; 366 
ecologically and biologically significant areas; representativity; replicated ecological features; 367 
and adequate and viable sites are covered in the area (Convention on Biological Diversity, 368 
2009). 369 
Another approach to curtail this challenge is to ensure that even if EB-MSP is planned in a 370 
stepwise fashion, as in the starting-small case, the outer limits of the larger ecosystem or 371 
ecoregion, and the links between habitats within it are considered, in order to lay the 372 
groundwork for future adaptive management (Agardy, et al, 2011)]. For cross boarder MSP 373 
where the area includes different administrations, legal barriers should be identified and 374 
adequate legal approaches should be employed to facilitate MSP to ensure that there is a 375 
proportional connectivity among the jurisdictional zones (Muñoz, et al, 2015). The need for 376 
international agreement and policies is therefore necessary to achieve this goal. 377 
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In setting the boundary, the biophysical and community design principles which have been used 378 
for MPA purposes can be explored in MSP (Kirkman, 2013). It is also important to note that 379 
there are two different types of boundaries which are boundaries for management (designated 380 
by political process and limited in covering natural processes and the ecosystem boundary) and 381 
boundaries for analysis or planning (Ehler and Douvere, 2009). The boundaries for planning 382 
therefore should not be limited to the coverage of the management area but go further to be set 383 
based on a bioregional approach or with an ecosystem boundary perspective. A boundary that 384 
is set based on the ecosystem or with biological and ecological consideration sets a strong basis 385 
for the planning process to be ecosystem-based. Setting a planning area beyond that of the 386 
management area helps to identify and to a large extent capture external sources of influence 387 
that have an effect on the management area. This also makes it easy to identify the connected 388 
stakeholders in order to propose solutions and measures to any kind of externality that might 389 
impact the ecosystem. 390 
4.2.2 Data Collection and Mapping 391 
It is important that information on ecological, economic, environmental and oceanographic 392 
conditions are collected and mapped for further analysis. Information on important human uses 393 
such as both commercial and recreational fishing; marine transportation; renewable and non-394 
renewable energy production; and sand and gravel mining, among others should be collected 395 
and mapped (Ehler and Douvere, 2009). In order to make EBM operational in MSP it is also 396 
important, that key ecological features are identified for protection and this can easily be 397 
achieved through the bio-profiling process. Apart from using the bio-profiling process, the 398 
condition of the ecosystem can be analysed based on the following criteria which is adapted to 399 
the Azores scientific criteria and guidance for identifying Ecologically or Biologically 400 
Significant Marine Areas (EBSAs) and designing representative MPAs (Convention on 401 
Biological Diversity, 2009). 402 
 Connectivity between biotic, abiotic and socio-economic patterns and conditions which 403 
are important for the life stages of species  404 
 Biological diversity  405 
 Biological productivity  406 
 Uniqueness or rarity of habitats and species  407 
 Endangered or species and habitats under threat/vulnerable 408 
 Natural areas (areas with low level of human degradation)  409 
 Areas of community and cultural value 410 
 Areas of high-level importance to human use 411 
 412 
4.2.3 Assessment and Analysis  413 
It is important that during all EB-MSP processes, mapping and spatial analysis of cumulative 414 
impact are undertaken to understand areas under immense pressures and threat. Having a 415 
cumulative impact perspective allows for tailored management and planning measures to help 416 
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conserve and protect habitats and species that are under pressure. Again, it also serves as a 417 
criterion to be considered when making trade-offs and decisions about siting of activities and 418 
uses. The Ecosystem-based Risk Assessment (ERA) methodology which involves ranking data 419 
based on the identified significant positive and negative interactions between two activities and 420 
also incorporates a range of pressures and impacts serves as an approach to make informed 421 
management decisions (Kelly, et al, 2014). 422 
Interaction between the marine area and the coastal area should be something to look at during 423 
the analysis stage. EB-MSP should go beyond other traditional approaches by ensuring that the 424 
marine area is managed in such a way that the impact of human activities on the marine and 425 
coastal ecosystem are considered and the connectivity between these two geographical scopes 426 
is managed such that one does not have a negative impact on the other.  427 
Again, EBM and adaptive management can be operational at this by analysing uncertainties 428 
that can happen within the planning area. This could mainly be climatic changes that might 429 
affect the dynamics of the ecosystem or any other unexpected constraints that can hinder the 430 
proper functioning of the ecosystem or the implementation of planning measures (economic or 431 
political constraints). 432 
The use of EBM tools is also a means of ensuring that EBM is operational in MSP. However, 433 
if there are constraints such as lack of resources and time, expert advice and review can be relied 434 
on, as was done with some MSP initiatives that formed part of this survey. 435 
 Stakeholder Participation 436 
The participation and involvement of stakeholders is the backbone of a successful EB-MSP 437 
process. The fact that ecosystem goods and services are, in many instances, external to the 438 
market economy or lack proper market valuation is thought to hamper effective planning and 439 
management of ecosystems (Kidd, et al, 2011). The only sure way to ensure that ecosystem 440 
goods and services are properly maintained is through effective stakeholder engagement 441 
processes and participation. According to results of the study, stakeholder participation is based 442 
on the following factors: 443 
 Political and legal requirement; 444 
 A representation of all the sectors affected by plan; 445 
 Cultural setting of the planning area; 446 
 Key sectors which are affected by plan; and 447 
 Population demographics (size of the planning and management area). 448 
However, it is important that apart from political and cultural dynamics and requirements of the 449 
planning area, stakeholder participation should reflect and be based on all sectors which are 450 
affected by the plan. An effective stakeholder participation should ensure that local community 451 
actors, environmental NGO’s and key sectors are empowered through the process and involved 452 
at each stage so that community and societal values will be reflected in the process and that 453 
implementation and monitoring of measures are effectively done. Results of this study showed 454 
that stakeholders from tourism and coastal development sectors are relatively not fully engaged 455 
as compared to other marine sectors as most plans normally focus on sectors from the marine 456 
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area. Again, only a quarter of the marine spatial initiatives that were studied integrated tourism 457 
management plans into the MSP process. It is essential in an EB-MSP process that stakeholders 458 
from tourism, cultural heritage and coastal development sectors are all engaged as are the other 459 
marine sectors. 460 
Due to the complexity of ecosystem functioning and management of multiple objectives and 461 
sectors, EB-MSP should ensure that there is a cross-sectorial integration throughout the process.  462 
Sectorial integration should move from mainly considering traditional marine sectors such as 463 
transportation and conservation, to integrating other emerging marine sectors. Fully 464 
operationalizing EBM in MSP would involve a cross-sectorial mechanism to facilitate overall 465 
planning and coordination of individual sector policies, such as fisheries, shipping, energy, 466 
tourism, and so forth – through which each sector can apply sector policies to implement EB-467 
MSP (Agardy, et al, 2011). Management measures from these sectors should all be in tandem 468 
with the overall goal and objectives set through the EB-MSP process. 469 
Although stakeholder participation is not a clear-cut procedure to follow and its application is 470 
dependent on the particular political and cultural setting, participation should, as much as 471 
possible, be effective across all forms which are information, communication, consultation, 472 
dialoguing, concertation and negotiation to build interest and create a platform for involvement 473 
and empowerment. 474 
Stakeholder involvement and participation should also be of prime importance at each stage of 475 
the EB-MSP process. According to the results of the study, there were two critical stages where 476 
there was less stakeholder participation, which are when setting the boundary of the planning 477 
area and at the monitoring and evaluation stage. It is important that during the stage of setting 478 
the planning boundary, the local community, science community and all the sectors involved 479 
are brought together so that a decision about the setting of the planning area would reflect the 480 
shared goal and knowledge of the community and institutions and this should follow the concept 481 
used in bioregions where “boundaries of a bioregion are best described by the people who live 482 
within it” (Miller, 1996). This is a major step as management or planning boundaries should be 483 
more bio-or ecological-based with stakeholder involvement. The same applies at the monitoring 484 
and evaluation stage where NGOs, the indigenous community and all marine sectors should be 485 
all involved in analysing the results, outcomes and achievement of the plan to serve as a basis 486 
to ensure easy adaptation. 487 
 Planning Phase 488 
The planning phase of an EB-MSP should look at coming up with planning and management 489 
measures, making trade-offs where the ecosystem is a priority and analyse future conditions by 490 
scenario creation, innovative and sustainable financing options and zoning for the 491 






4.4.1 Multiple Objective, Management Measures, Indicators and Outcomes 496 
Specifying clear goals for MSP increases efficiency and efficacy of the process and EB-MSP 497 
process should address multiple sector objectives and issues as against a single or dual sector 498 
approach. This raises the need to have common goals and objectives among stakeholders. A 499 
multiple objective approach will ensure a holistic thinking across management sectors, so that 500 
trade-offs among sectors and objectives can be identified and addressed for a mutually 501 
beneficial outcome (Beck, et al, 2009). 502 
Potential trade-offs of proposed management measures should be explicitly identified and 503 
quantified. Planning and management measures are the means by which the desired goals and 504 
objectives of the plan would be achieved. This would include spatial and temporal distribution, 505 
output, input, and process measures. Management and planning measures should look at 506 
addressing the following issues (Kidd, et al, 2011): 507 
 Reducing of threats and impact of human activities on the environment; 508 
 Ensuring that information is available and research done to make knowledge-based 509 
decisions; 510 
 Seeking to ensure the conservation and sustainable use of the ecosystem but by 511 
mainstreaming conservation concerns in all sector management tools; 512 
 Representation of all the ecosystem components and sectors; 513 
 Uncertainties and changes in the ecosystem to be addressed, especially climate change 514 
and how it affects future uses and future actions in the planning or management area; 515 
and 516 
 Management practices and measure for effective responsibility should lie at the local 517 
level as the ecosystem functions on variety of scales  518 
For effective evaluation of the implementation of management and planning measures against 519 
the goals and objectives, outcome and performance indicators should be set while objectives 520 
are being specified during this stage of the planning process (Fisheries and Oceans Canada, 521 
2007). 522 
4.4.2 Scenarios and Analysing future conditions 523 
EB-MSP should be a future oriented activity and results from this study show that only half of 524 
the MSP initiatives actually made scenario analysis and analysed future conditions. The 525 
following represents steps in undertaking scenario and future condition analysis (Ehler and 526 
Douvere, 2009): 527 
 Projecting current trends in the spatial and temporal needs of existing human uses; 528 
 Estimating spatial and temporal requirements for new demands of ocean space; 529 
 Identifying possible alternative future scenarios for the planning area; and 530 
 Selecting the preferred spatial sea use scenario. 531 
In projecting current trends, uncertainty and changes in the marine environment and its effect 532 
on ecosystem services have to be looked at. Furthermore, the implications for human uses have 533 
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to be examined and measures proposed for that purpose. In estimating current and temporal 534 
ocean space, it is essential that areas for conservation purposes such as MPAs and areas under 535 
international conservation agreement are all factored into the process. Various alternatives for 536 
future scenarios can be generated; however, conservation-oriented scenarios should be reflected 537 
in the preferred spatial sea use scenario that would be chosen. The protection and conservation 538 
of biologically and ecologically valuable areas which ensures the maintenance and provision of 539 
ecosystem services should be a high priority when selecting a preferred spatial scenario for the 540 
future development of a particular marine area. 541 
4.4.3 Trade Offs 542 
In ensuring that EBM is truly operational in MSP, the ecosystem should be a priority when it 543 
comes to making trade-offs. Existing MSP initiatives include in this survey made trade off based 544 
on a combination of the following factors: 545 
 Political informed choice; 546 
 National legislation; 547 
 Comments from the sectors involved; 548 
 Environmental Impact Assessment of the uses considered; and 549 
 Comprehensive evaluation involving all the sectors. 550 
 551 
It is important that decisions on spatial distribution and trade-offs among uses are made after 552 
comprehensive evaluation involving all sectors with the ecosystem being a priority. The 553 
following are prioritized criteria according to its order of importance that can be used to ensure 554 
that environmental and ecosystem priorities are addressed at this stage of the planning process.  555 
 Ecologically and biologically valuable areas 556 
 Areas of National Security, e.g. Military Defence area 557 
 Ecological areas under international agreement e.g. Natura 2000 558 
 Shipping routes and traffic separation routes 559 
 Operationalization of a particular maritime use due to technical requirement, (e.g. 560 
offshore wind energy is more economically viable when close to the coast) 561 
 Preferential areas and conditions of national cultural and social importance 562 
It is important that in making trade-offs between uses, the environment and the maintenance of 563 
ecosystem services is a top priority as proposed in the criteria above. Again, in selecting the 564 
preferred spatial use scenario or preferred management strategies instead of political 565 
consideration, and with economic effects/benefits being the top most priority, as is the case of 566 
existing MSP initiatives that this survey covered, the physical, chemical, and biological 567 
cumulative effects of uses should be the prime consideration. Again other factors such as 568 
financial feasibility and timing for implementation should also be considered. 569 
4.4.4 Innovative and sustainable financing for EB-MSP 570 
As the plans are being formulated, there is the need to ensure that government has apportioned 571 
budgets for planned actions and measures to be implemented, especially those related to 572 
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ensuring that the ecosystem (services, values, functioning and biodiversity) is maintained and 573 
the environment is conserved. Only 17% of plans considered incentives and financing 574 
possibilities that strengthen the protection of ecosystem biodiversity. Without specifically 575 
looking at how to finance the protection of the ecosystem during the planning process, EBM 576 
cannot be truly operational in MSP and the ecosystem (services, value, functioning and 577 
biodiversity) cannot be maintained. Other innovative financing options to ensure that the 578 
ecosystem services and values are maintained and sustainable use is ensured include (Agardy, 579 
et al, 2011): 580 
 Revenue from fees– user fees from marine parks, fees for eco-labelling and certification, 581 
non-renewable resource extraction, tourist-related fees, collection of licensing fees 582 
(fishing and hunting, for example) to set up conservation funds; 583 
 Private sector investment in conservation e.g. management of marine parks; 584 
 Public/private partnerships such as municipal governments teaming up with chambers 585 
of commerce, or private financing of public sector resource management; 586 
 Fines for illegal activities; 587 
 Trust funds; 588 
 Income derived from local enterprises (such as the sale of handicrafts); and 589 
 Payment for Ecosystem Services (PES) systems and associated market offsets by 590 
allowing managers of coastal lands or marine resources, be they government agencies 591 
or local communities and user groups, to “sell” the protection of ecosystem services to 592 
the buyers who most benefit and value them. New revenue streams for management can 593 
thus be generated. 594 
4.4.5 Zoning 595 
One important element that should be introduced at this stage of EB-MSP is ocean zoning. 596 
Ocean zoning is defined as ‘a regulatory measure to implement MSP usually consisting of a 597 
zoning map and regulations for some or all areas of a marine region’ (Ehler and Douvere, 2007). 598 
Zoning has the ability to ensure that regulations are enforced in particular sections of the 599 
planning and management area. Zoning ensures minimizing conflicts between incompatible 600 
uses by addressing interaction between many uses and takes a holistic view of areas of 601 
ecological importance and environmental vulnerability to ensure the delivery of ecosystem 602 
services, making it a tool to EBM operational in MSP (Agardy, 2010) 603 
 Implementation Phase 604 
The implementation stage involves three stages (Ehler and Douvere, 2009). These are 605 
implementation of management and planning measures, ensuring compliance and enforcement. 606 
It is important to ensure that all sectors are involved in the implementation of management 607 
measures and zoning regulation. It is essential to ensure that stakeholders, especially the 608 
community, are involved from the onset to make implementation smooth and effective. In trying 609 
not to reinvent the wheel and to reduce costs it may be necessary to use existing institutions for 610 
the implementation process. To make EBM operational all single-sector management 611 
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institutions should comply in implementing existing measures and also in generating future 612 
plans and programmes in accordance with the spatial management plan and measures. 613 
Enforcement of measures can be ensured through inspections, negotiations and legal actions 614 
and regulations should be consistently applied on the basis of transparent policies and 615 
procedures (Ehler and Douvere, 2009). NGOs should be involved at this stage to detect and 616 
report non-compliance.  617 
 Monitoring, Evaluation and Adaptive management 618 
Limited relevant knowledge, information and data in addition to unforeseen changes 619 
(economical, political and environmental) in the marine environment and ecosystem are 620 
challenges that are common to most MSP initiatives. This calls for an EB-MSP process that is 621 
iterative, continuous, and adaptive. At each stage of the process, there should be an evaluation 622 
to ensure that set procedures are followed to inform the next stages. Again, to make EBM 623 
operational in MSP the process has to be continuous. The first planning cycle should end in a 624 
monitoring and evaluation step and results and lessons learnt should be adapted into the next 625 
planning cycles. 626 
Results from this research showed that the monitoring stage of EB-MSP should include the 627 
following: 628 
 Monitoring the state of the system: focuses on assessing, for example, the status of 629 
biodiversity in the marine area, the quality of water, or the overall health of a particular 630 
ecosystem (Ehler and Douvere, 2007); 631 
 Performance monitoring: measuring the actual performance of management measures 632 
for example ‘are the boundaries of the protected area sufficient to conserve the special 633 
habitat?' (Ehler and Douvere, 2007); and 634 
 Time and rate of implementation: measuring the time and rate of implementation of the 635 
management measures to assess if the plan is being followed. 636 
For the monitoring process to be easy and effective with meaningful results monitoring should 637 
be based on indicators referred to at the setting of goals and objectives stage above. This calls 638 
for objectives of the EB-MSP to be specific, measurable, action-oriented and time-bound. The 639 
indicators for monitoring should also be readily measurable, cost effective, concrete, 640 
interpretable, grounded on scientific theory, sensitive, responsive and specific (Koehn, et al 641 
2013). 642 
Evaluation should be a continuous process in which measures or indicators of performance are 643 
defined and systematically compared with programme goals and objectives (Ehler and Douvere, 644 
2009). Reporting of the information from evaluation would serve as a basis to adapt the EB-645 
MSP process. 646 
Adaptive management in MSP can be achieved by (Ehler and Douvere, 2009): 647 
 Modifying MSP goals and objectives (for example, if monitoring and evaluation results 648 




 Modifying desired MSP outcomes (for example, the level of protection over a large 651 
marine protected area could be changed if the desired outcome is not being achieved); 652 
and 653 
 Modifying MSP management measures (for example, alternative combinations of 654 
management measures, incentives and institutional arrangements could be suggested if 655 
initial strategies are considered ineffective, too expensive, or inequitable). 656 
In order to ensure the implementation of an EB-MSP, a framework for monitoring and 657 
evaluating spatially managed areas must explicitly consider interactions between ecosystem 658 
components, management sectors, institutions and key actors, as well as the cumulative impacts 659 
of human activities. This approach has been shown through a 7 step framework based on 660 
existing concepts of adaptive management and considers a number of practical examples 661 
(Stelzenmüller, et al, 2013). 662 
For adaptive management, which is one of the essential element of an EB-MSP process to be 663 
achieved there should be a legal framework or instrument to ensure that plans and initiatives 664 
are adapted from time to time. Adaptive management should not only be stated in concept or 665 
only as a principle of the plan but there should be an operational tool that would ensure that 666 
experiences, lessons and results from the monitoring and evaluation are adapted to ensure that 667 
the EB-MSP is iterative. 668 
5 Conclusions 669 
Demand for ocean space is on the rise as traditional uses such as fisheries, maritime transport 670 
and tourism as well as new ones such as renewable offshore energy and aquaculture are 671 
expanding. Maritime space is limited and there is a need to optimize social, economic and 672 
environmental objectives. EB-MSP is an approach to ensure that sustainable development is 673 
achieved through ordering human activities in marine space to guarantee that resources satisfy 674 
the need of the current population while maintaining its resilience to provide for future 675 
generation. The methodology and process for an EB-MSP should be robust and inculcate EBM 676 
principles. There is the need to situate EBM principles and elements into MSP and have a robust 677 
and functional EB-MSP. An operational EB-MSP process should consider the following: 678 
Firstly, the process should look at setting a boundary for planning which is based on the 679 
ecosystem patterns, functions and connectivity (bioregions). In doing this, it has to be ensured 680 
that coastal and near-shore waters are covered in the planning boundary. Secondly, it should 681 
look at understanding the ecosystem (services, values and functions) to make informed 682 
decisions. Again, it should build the interest of the citizenry, expand participation, ensure a 683 
cross-sectorial integration and empower the stakeholders that are involved in the process. The 684 
process should also be future-oriented to be able to analyse future conditions and provide a 685 
direction for future development and maintenance of ecosystem services. Furthermore, it should 686 
provide management and planning measures that seek to reduce threats and pressures on the 687 
environment, address uncertainty and changes in the marine environment and enforce a 688 
knowledge-based decision-making process where the ecosystem is a priority. Lastly, a robust 689 
process and methodology should be one which is iterative: to ensure that there is a legal 690 
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instrument in place so that results from monitoring and evaluation are adapted into the next 691 
planning cycles. 692 
Apart from all the recommendations above, there should be governance processes to ensure that 693 
appropriation of marine resources would not lead to less prioritisation of the environmental 694 
conservation goals and ensure that community values and involvement are not limited in the 695 
decision-making process. There should also be a conscious effort to ensure that experts from 696 
academia who have worked with MSP are more involved at the national level of MSP to 697 
influence decision-making. 698 
In a nutshell, EBM can be operational in MSP on the whole if there is the political will to apply 699 
the principles and methodology of an EB-MSP. To ensure sustainable development, 700 
governments of various countries should be committed to the process by ensuring that the 701 
methodology is facilitated through adequate financial allocation and legal instruments. 702 
Acknowledgement 703 
The authors would like to thank the EU-funded Erasmus Mundus Master’s Course on Maritime 704 
Spatial Planning for the grant that was awarded to the first author. Again, we are grateful to all 705 
the respondents from the 39 MSP initiatives who answered the questionnaires that were 706 
analysed and formed the basis for the result and discussion part of the paper. Many thanks to 707 
the Marine Policy and Regional Coordination section of UNESCO-IOC, CIBIOAçores, 708 
OpenChannels, EBM Network, ICES and NOAA panels for sharing contacts and disseminating 709 
the questionnaires for respondents. 710 
6 Bibliography 711 
Agardy, M., Davis, J., Sherwood, K., Vestergaard, O., 2011.Taking steps toward marine and 712 
coastal ecosystem-based management - an introductory guide. UNEP, Nairobi.  713 
Agardy, T., 2010. Ocean Zoning: Making Marine Management More Effective London: 714 
Earthscan, 75–154. 715 
Arkema, K., Abramson. S., Dewsbury, B., 2006. Marine ecosystem-based management: from 716 
characterization to implementation. Frontiers in Ecology and the Environment. 4(10):525-32. 717 
Beck, M., Ferdaña, Z., Kachmar, J., Morrison, K., Taylor, P., 2009. Best Practices for Marine 718 
Spatial Planning. The Nature Conservancy, Arlington, VA. 719 
Christensen, N., Bartuska, A., Brown, J., Carpenter, S., D' Antonio, C., Francis, R., Franklin, 720 
J., MacMahon, J., Noss, R., Parsons, D., Peterson, C., Turner, M.,  Moodmansee, R., 1996. The 721 
report of the Ecological Society of America Committee on the scientific basis for ecosystem 722 
management. Ecological Applications. 6, 665-691. 723 
Christie, P., 2011. Creating space for interdisciplinary marine and coastal research: five 724 
dilemmas and suggested resolutions. Environmental Conservation. 38(2), 172–86. 725 
Commonwealth of Australia. 2005. National Marine Bio regionalization of Australia. 726 
Summary. Department of Environment and Heritage, Canberra, Australia. 727 
21 
 
Convention on Biological Diversity. 2009. Azores Scientific Criteria and Guidance for 728 
Identifying Ecologically or Biologically Significant Marine Areas and Designing 729 
Representative Networks of Marine Protected Areas in Open Ocean Waters and Deep Sea 730 
Habitats, Montreal, Canada, 10pp. 731 
Crowder, L., Norse, E., 2008. Essential ecological insights for marine ecosystem-based 732 
management and marine spatial planning. Marine Policy. 32(5):772-778. 733 
Department for Environment, Food and Rural Affairs (DEFRA). 2006. A Marine Bill. A 734 
Consultation Document, 19 pp. 735 
Domínguez-Tejo, E., Metternicht, G., Johnston, E., Hedge, L., 2016. Marine Spatial Planning 736 
advancing the Ecosystem-Based Approach to coastal zone management: A review. Marine 737 
Policy. 72:115-130. 738 
Douvere, F., 2010. Marine spatial planning: Concepts, current practice and linkages to other 739 
management approaches. Ghent University, Belgium. 740 
Douvere, F., 2008. The importance of marine spatial planning in advancing ecosystem-based 741 
sea use management. Marine Policy.32.5: 762-771. 742 
Ehler, C., Douvere, F., 2007. Visions for a sea change. Report of the first international workshop 743 
on marine spatial planning. Intergovernmental oceanographic commission and man and the 744 
biosphere programme. IOC manual and guides. 48, IOCAM Dossier, 4, UNESCO, Paris. 745 
 Ehler, C., Douvere, F., 2009. Marine Spatial Planning: a step-by-step approach toward 746 
ecosystem-based management. Intergovernmental Oceanographic Commission and Man and 747 
the Biosphere Programme. IOC Manual and Guides No. 53, ICAM Dossier No. 6. Paris: 748 
UNESCO. (English). 749 
Fisheries and Oceans Canada. 2007. Eastern Scotian Shelf. Integrated Management Plan. 750 
ESSIMDFO/2007-1229, Nova Scotia. 751 
Foley, M., Halpern, B., Micheli, F., Armsby, M., Caldwell, M., Crain, C., Prahler, E., Rohr, N., 752 
Sivas, D., Beck, M., Carr, M., Crowder, L., Duffy, J., Hacker, S., MacLeod, K., Palumbi, S., 753 
Peterson, C., Regan, H., Ruckelshaus, M., Sandifer, P., Steneck, R., 2010. Guiding ecological 754 
principles for marine spatial planning. Marine Policy. doi:10.1016/j.marpol.2010.02.00. 755 
Gilliland, P., Laffoley, D., 2008. Key elements and steps in the process of 756 
developing ecosystem- based marine spatial planning, Marine Policy. 32:787-796. 757 
Katsanevakis, S., Stelzenmüller, V., South, A., Sørensen, T., Jones, P., Kerr, S., Katsanevakis, 758 
S., Badalamenti, F., Anagnostou, C., Breen, P., Chust, G., D Anna, G., Duijn, M., Filatova, T., 759 
Fiorentino, F., Hulsman, H., Johnson, K.,  Karageorgis, A., Kröncke, I., Mirto, S., Pipitone, C., 760 
Portelli, S., Qiu, W., Reiss, H., Sakellariou, D.,  Salomidi, M., van Hoof, L.,  Vassilopoulou, 761 
V., Vega Fernández, T., Vöge, S., Weber, A., Zenetos, A., ter Hofstede, R., 2011. Ecosystem-762 
based marine spatial management: Review of concepts, policies, tools, and critical issues. 763 
Ocean and Coastal Management. 54: 807-820. 764 
22 
 
Kelly, C., Gray, L., Shucksmith, R., Tweddle, J., 2014. Investigating options on how to address 765 
cumulative impacts in marine spatial planning, Ocean & Coastal Management.102: 139-148. 766 
Kidd, S., Plater, A., Frid, C., 2011. The ecosystem approach to marine planning and 767 
management. London: Earthscan. 768 
Kirkman, H., 2013. Choosing boundaries to marine protected areas and zoning the MPAs for 769 
restricted use and management, Ocean & Coastal Management. 81: 38-48, ISSN 0964-5691. 770 
Koehn, J., Reineman, D., Kittinger, J., 2013. Progress and promise in spatial human dimensions 771 
research for ecosystem-based ocean planning. Marine Policy. 42: 31–38 772 
http://dx.doi.org/10.1016/j.marpol.2013.01.015. 773 
Long R.D., Charles A., Stephenson R.L., 2015.Key principles of marine ecosystem-based 774 
management. Mar. Policy, 57 (2015), pp. 53–60 Available at: 775 
http://dx.doi.org/10.1016/j.marpol.2015.01.013  776 
Marine Spatial Planning Pilot (MSSP). 2006. MSPP consortium, final report. [Online]. 777 
Available from: http://www.abpmer.net/mspp/docs/finals/MSPFinal_report.pdf  [Accessed 778 
06/07/15]. 779 
McLeod, K., Lubchenco, J., Palumbi, S., Rosenberg, A., 2005. Scientific Consensus Statement 780 
on Marine Ecosystem-Based Management. Signed by 221 academic scientists and policy 781 
experts with relevant expertise and published by the Communication Partnership for Science 782 
and the Sea at http://compassonline.org/?q=EBM. 783 
Miller, K., 1996. Balancing the Scales. Guidelines for increasing biodiversity's chances through 784 
bioregional management. Washington, DC: World Resources Institute. 73pp. 785 
Misund, O., 2006. Ecosystem-based management: definition and international principles. 786 
Bergen, Norway: Institute of Marine Research. 787 
Muñoz, M., Reul, A., Plaza, F., Gómez-Moreno, M., Vargas-Yañez, M., Rodríguez, V., 788 
Rodríguez, J., 2015. Implication of regionalization and connectivity analysis for marine spatial 789 
planning and coastal management in the Gulf of Cadiz and Alboran Sea, Ocean & Coastal 790 
Management. 118: 60-74. 791 
Murawski, S., 2007. Ten myths concerning ecosystem approaches to marine resource 792 
management. Marine Policy. 31, 681–90. 793 
Secretariat of the Convention on Biological Diversity and the Scientific and Technical Advisory 794 
Panel —GEF. 2012. Marine Spatial Planning in the Context of the Convention on Biological 795 
Diversity: A study carried out in response to CBD COP 10 decision X/29, Montreal, Technical 796 
Series No. 68, 44 pp. Sherman, L., Duda, A., 1999. An Ecosystem Approach to Global 797 
Assessment and Management of Coastal Waters. Marine Ecology Progress Series. 190, 271-798 
287 http://www.int-res.com/abstracts/meps/v190/ [Accessed on June 30, 2015]. 799 
23 
 
Stelzenmüller, V., Breen, P., Stamford, T., Thomsen, F.,  Badalamenti, F., Borja, Á., Buhl-800 
Mortensen, L., Carlstöm, J., D'Anna, G., Dankers, N., Degraer, S., Dujin, M.,  Fiorentino, F., 801 
Galparsoro, I., Giakoumi, S., Gristina, M., Johnson, K.,  Jones, P., Katsanevakis, P., Knittweis, 802 
L., Kyriazi, Z., Pipitone, C., Piwowarczyk, J., Rabaut, M., Sørensen, T., van Dalfsen, J., 803 
Vassilopoulou, V., Vega Fernández, T., Vincx, M., Vöge, S., Weber, A., Wijkmark, N., Jak, 804 
R., Qiu, W., ter Hofstede, R., 2013. Monitoring and evaluation of spatially managed areas: A 805 
generic framework for implementation of ecosystem based marine management and its 806 
application, Marine Policy. 37: 149-164. 807 
Young, O., Oshrenko, G., Ekstrom, J., Crowder, L., Ogden, J., Wilson, J., Day, J.,  Douvere, 808 
F., Ehler, C., Mcleod, K., Halpern, B., Peach, R., 2007. Solving the crisis in ocean governance. 809 
Place-based management of marine ecosystems. Environment. 49, 21-30. 810 
Zaucha, J., 2014. Sea basin maritime spatial planning: A case study of the Baltic Sea region and 811 
Poland. Marine Policy. 50: 34-45. 812 
  813 



























































UNEP (2011)Taking Steps toward 
Marine and Coastal Ecosystem-
Based Management- An Introductory 
Guide 
          
IUCN’s CEM. The Ecosystem 
Approach: Five Steps to 
Implementation (Shepherd, 2004) 
          
Principles and practice of 
Ecosystem-based management. A 
guide for conservation practitioners 
in the tropical western PACIFIC 
(Clarke and Jupiter, 2010) 
          
The Ecosystem Approach to Marine 
Planning and Management (Kidd et 
al., 2011) 
          
Key elements and steps in the process 
of developing ecosystem-based 
marine 
spatial planning (Gilliland and 
Laffoley, 2008) 
          
Ecosystem-Based Management for 
the Oceans (Mc Leod and Leslie, 
2009) 
          




Appendix B: Questionnaire and Results 834 
1. What is the name of the maritime spatial planning process that you were involved in? 835 
 836 
Defining and Analysing Existing Situation  837 




Fig. B.1. Institutional distribution of experts involved in survey 842 
 843 
3. Which of the following geographical scope were included in the planning area? 844 
 845 
 846 














International  Agency  - Advisor
NGO
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EEZ








Geographical scope and distribution of planning areas (%)
26 
 
4. What mechanism was put in place to ensure that the plan is ecosystem based (ecosystem 850 
services, values and functions are considered in the planning process)?  851 
 852 
 853 
Fig. B.3. Distribution of mechanisms used to ensure that plans are ecosystem-based 854 
 855 
5. Which of the following represent how the ecosystem was detailed and understood at the stage 856 

















0 20 40 60 80
Ecosystem was not considered
Condition of the ecosystem was
assessed and analyzed
EBM was stated as one of the
principles of the plan
Criterion for decision making
process or  trade-offs
Criterion for conflict resolution
State of the ecosystem was the
basis for goals definition
Other














Endangered  species and habitats
Natural areas
Other
Means of ecosystem analysis and understanding (%)
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6. Which of the following ecosystem based management tools were used in the characterization 867 




Fig. B.5. Distribution of EBM tools used for the analysing the ecosystem 872 
 873 
8. In setting the boundary of the planning area and for analysis which of the following factors 874 
was taken into consideration? 875 
 876 
 877 



























None of the above
Other






Environmental/Scientific consideration  (ecosystem
boundary)
Jurisdictional boundary
Environmental (ecosystem) and Jurisdictional
boundary
Areas of ecological importance and jurisdictional
boundary
Other
0 5 10 15 20 25 30 35
Distribution of factors considered in setting plan boundary (%)
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8. In characterizing the ecosystem, which of the following environmental and ecological 886 




Fig. B.7. Distribution of Environmental Characterisation by Data Collection 891 
 892 
9. Which of the following environmental characteristics were mapped out? (You can choose 893 
more than one option) 894 
 895 
 896 












0 20 40 60 80 100
Oceanographic conditions
Marine species and habitats
Biologically and ecologically important areas
Cumulative Impact and pressures
Existing marine or coastal management practices
Other








0 20 40 60 80 100
Ecosystem service provision and benefiting…
Cumulative Impact and pressure areas
Sea bed characteristics
Water column bio and physical conditions
Mapping of biological or ecological values
Conflicts and compatibility mapping
Other
Distribution of mapped out Environmental Characteristics (%) 
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Stakeholder Participation 903 
Table B.1. Ranking of the level of engagement of stakeholders 904 
10.How would you rank the level of engagement of stakeholders in the planning 
process? (From 1 to 5, with 5 really high and 1 really low level? 
Answer Options 1.Really 
High 




Information 9 22 12 3 0 3.80 
Communication 10 20 10 6 0 3.74 
Dialogue (develop an 
understanding) 
8 20 13 4 1 3.65 
Consultation 6 22 11 5 1 3.60 
Concertation 
(determine a common 
position) 
3 17 10 13 3 3.09 
Negotiation (reach 
decision) 
3 15 13 12 3 3.07 
 905 
 906 
11. The level of stakeholder participation was based on which of the following factors? 907 
 908 
 909 












Political and legal requirement
A representation of all the sectors affected by plan
Key sectors which are affected by plan
Population demographics
Other
0 5 10 15 20 25 30 35
Basis for Stakeholder Involvement (%)
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Table B.3. Sectors and stakeholders engaged and integrated  921 
 922 
13. Which of the following sectors and stakeholders were actively engaged and 
integrated into the process? (You can choose more than one option)  
Answer Options Response Percent 
Marine conservation/protection 95.6% 
Fisheries 88.9% 
The science community 80.0% 
Renewable energy 62.2% 
Tourism 57.8% 
Maritime Transport 55.6% 
Heritage (cultural) 53.3% 
Aquaculture 48.9% 
Military Defence 46.7% 
Oil and Gas Mining 31.1% 
Other (please specify) 28.9% 




12.Please rank the level that the following sectors and stakeholders were actively 
engaged and integrated into the process (From 1 to 5, with 5 really high and 1 really low 
level) 
Answer Options 1.Really 
High 






18 18 10 0 0 4.17 
Fisheries 16 16 8 3 3 3.85 
The science community 16 15 8 6 1 3.85 
Renewable energy 14 11 4 5 10 3.32 
Heritage (cultural) 11 11 8 8 7 3.24 
Tourism 8 14 11 5 7 3.24 
Maritime Transport 3 16 13 6 7 3.04 
Military Defence 8 9 7 7 13 2.82 
Aquaculture 4 8 15 1 15 2.65 
Oil and Gas Mining 5 6 6 6 19 2.33 
Sand and Gravel 
Mining 
3 5 7 10 18 2.19 
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14.Please select at which stages stakeholders and the science community were engaged? (You 926 




Fig. B.10. Distribution of stages that stakeholders were involved 931 
 932 
15. Please select from the following sectors   have their management plans and actions linked 933 













0 20 40 60 80
Setting of plan boundary
Collection of data and mapping of the
environment
Setting of Goals and objectives
Selection of planning options and strategies
Monitoring and Evaluation
Other
Distribution of stages of planning process that stakeholders and science 
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Fisheries
Coastal development









Under water cultural heritage
Other




Planning Phase 941 





Fig. B.12. Distribution of how trade-offs between uses was established 947 
 948 
 949 
Table B.4. Ranking of criteria for making trade offs 950 
17.Please rate the following criteria according to the order of priority for making 
trade-offs or decisions among maritime uses from 1 to 6. 1 being the topmost 
priority and 6 being the least 
Answer Options 1 2 3 4 5 6 N/A Rating 
Average 
Ecologically and biologically valuable 
areas 
15 3 5 3 5 2 1 4.42 
Areas of National Security e.g. 
military defence area 
9 4 4 4 3 2 11 4.23 
Shipping routes and traffic separation 
schemes 
4 12 9 7 2 2 5 4.08 
Ecological areas under international 
agreements e.g. Natural 2000, water 
framework directive etc... 
5 3 6 4 3 2 12 3.87 
Operationalization of a particular 
maritime use due to technical 
requirement  E.g. offshore wind 
energy is more economically viable 
when close to the coast 
4 6 7 9 5 2 7 3.67 
Preferential areas and conditions of 
national cultural and social importance 









Comments from the sectors involved
Environmental Impact Assessment of the uses considered
Comprehensive evaluation involving all the sectors
Other
0 10 20 30 40




18.Which of the following sea use scenarios were developed to represent the future goal and 951 




Fig. B.13. Distribution of Sea use scenarios developed 956 
 957 
19.Which of the following tools were used at the decision making/trade off phase for planning 958 

















Transport and safety management oriented
None of the above was considered
Other























Marine Map with  Cumulative Impacts
None of the above
Other
Distribution of tools that  were used at the decision making/trade- off phase (%) 
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21.Please rate from the following in the order of priority the criteria for selecting the 
preferred spatial use scenario/preferred management strategies? From 1 to 5. 1 being 
the topmost priority and 5 being the least     . 
Answer Options 1 2 3 4 5 N/A Rating 
Average 
Economic effects and their distribution, e.g., 
direct and indirect costs and benefits, who wins 
and who loses; 
9 6 10 2 0 8 3.81 
Political considerations, e.g., acceptability to 
public; relation to other management plans;  
10 11 9 2 3 5 3.66 
Physical, chemical, and biological effects over 
time, including cumulative effects; 
11 7 3 4 4 6 3.59 
Timing considerations, e.g., time required to 
achieve results; 
0 7 2 10 7 9 2.35 
Feasibility of financing, e.g., financial 
requirements for implementation 
3 2 8 8 10 8 2.35 
 966 
 967 
20. How was the maintenance of ecosystem services considered in your preferred spatial use 968 
scenario/management strategy? 969 
 970 
 971 
Table B.5. Distribution of criteria for selecting the preferred scenario and management 972 
strategy 973 
21.Please rate from the following in the order of priority the criteria for selecting the 
preferred spatial use scenario/preferred management strategies? From 1 to 5. 1 being 
the topmost priority and 5 being the least     . 
Answer Options 1 2 3 4 5 N/A Rating 
Average 
Economic effects and their distribution, e.g., 
direct and indirect costs and benefits, who wins 
and who loses; 
9 6 10 2 0 8 3.81 
Political considerations, e.g., acceptability to 
public; relation to other management plans;  
10 11 9 2 3 5 3.66 
Physical, chemical, and biological effects over 
time, including cumulative effects; 
11 7 3 4 4 6 3.59 
Timing considerations, e.g., time required to 
achieve results; 
0 7 2 10 7 9 2.35 
Feasibility of financing, e.g., financial 
requirements for implementation 







22. Please choose from the following the attributes of planning measures and actions that were 978 




Fig. B.15. Distribution of attributes of planning measures and actions 983 
 984 
Implementation and Monitoring 985 
23. How was the results from the monitoring and evaluation of the ecosystem adapted into the 986 












0 20 40 60 80 100
Seeks to strengthen knowledge based decision making
through surveys, research and monitoring
Consider incentives and financing possibilities that
strengthen the protection of ecosystem biodiversity
Seeks to ensure the conservation and sustainable use of
the ecosystem but by mainstreaming conservation
concerns in all sector management tools
Considers uncertainty and changes in the dynamics of
the ecosystem e.g. climate changes
Represents not all the  ecosystem components and
sectors
Represents all the ecosystem components and sectors





0 10 20 30 40 50
Modifying plan goals and objectives
Modifying desired plan outcomes
Modifying MSP management measures
Other




24. Which of the following options represents the kind of monitoring that is undertaken by the 993 




Fig. B.17. Distribution of the kinds of monitoring 998 
 999 











0 10 20 30 40 50 60
Monitoring of the state of the ecosystem e.g. status of 
biodiversity in the management area etc….
Measuring the time and rate of implementation of the
management measures to assess if the plan is being
followed
Measuring the performance of the management
measures to assess if they are producing the
outcomes for which they have been set
Measuring a set of indicators against quantitative
goals
Other






Adaptive management is suggested in the plan
There are legal instruments which ensure adaptation
or revision of plan over time
Adaptive management is one of the principles of the
plan
The plan itself has mechanisms of turning monitoring
into a retroactive process for new measures or goals to
be set
Other
0 10 20 30 40
Distribution of how  adaptive management  was considered in the plan (%)
